Over the past few decades, the rapid expansion of trade has led to a tremendous increase in cargo handling between the various continents. This continuous growth has motivated shipping lines to increase the ships sizes which may lead to the need to develop many of container terminals. Generally, the complete demolition of an existing quay wall construction and replacing by a new structure is often not possible due to the high costs. The deepening and upgrading of the existing quay walls is the next option. This means that the existing quay walls will have to retain more soil than they actually designed for. The general approach for this case is to review the original design and subsequent improvement calculations. The present study was carried out to evaluate numerically, using the numerical model PLAXIS 2D, the possibility to upgrade the existing open-piled quay wall structure of the container terminal of Port Said West port, Egypt. A rehabilitation technique consisting of new fender piles and new box sheet pile panels had been selected to accommodate the berth deepening and the heavier new container crane loads. The evaluation had been carried out through the review of the original design and subsequent improvement analyses under the development two cases defined as Pre-and Post-upgrading cases. The results showed that the structure after upgrading was able to keep the stability of the soil to its previous levels before upgrading and quay wall structure elements were able to resist the deepening effect plus the increase in crane loads.
INTRODUCTION
Nowadays, one of the most common challenges for ports is its need to increase the depth in front of the toe of the existing quay wall structures. A set of complex technical problems arises when the deepening has to be performed near quay wall structures. In addition to the deepening challenges, it usually entail higher operation loads (mooring, berthing, cranes) and sometimes also storage loads on the structures due to the need to berth larger ships. Therefore, constructive adjustments have to be made to the quay walls, to provide sufficient strength and stability (PIANC, 2015 [17] ). Recently, Finite Element Method, FEM, has become more popular as a soil response prediction tool. This has led to increase pressure on researchers to develop more comprehensive descriptions for soil behavior, which in turn leads to more complex constitutive relationships. Some authors in the literature take into account the ability of using the numerical work to examine the behavior of quay wall structures to solve the technical problems arises due to deepening and upgrading.
The effect of deepening in front of quay wall structure has been investigated by a number of researchers. Elskensl and Bols, 1998 [8] already proven to be an economical and technical solution for deepening quay walls. A research on application of the analytical method to study the effect of dredging on piles and diaphragm wall-supported berthing structures had been carried by Muthukkumaran and Sundaravadivelu, 2007 [13] . Both El-Naggar, 2010 [7] and Mollahasani, 2014 [12] investigated numerically the rehabilitation of steel sheet piling quay walls using additional grouting tie-rods. The results showed that the anchored wall and surrounding soil showed more stabilized behavior when the grouted anchors are used. Premalatha et al., 2011 [18] carried out a numerical study on pile group supporting the berthing structures subjected to berthing/mooring forces and the forces resulted from deepening operations. Subha, 2012 [20] analyzed the lateral response of pile and diaphragm wall during dredging and seismic loading on the dredged soil numerically. Habets et al., 2016 [11] investigated the suitability of the performance-based design method to evaluate permanent deformations and amounts of (repairable) damage under seismic loading for anchored sheet pile quay walls that were not purposely designed for seismic loads. Recently, Tolba et al., 2017 [21] demonstrated a verification study for the ability of developing the diaphragm quay wall existing at the container terminal of Port Said East Port.
Generally, due to the high costs and the environmental boundaries, the complete demolition of an existing quay wall and replacing by a new structure is not preferred to be the first option. Therefore, the deepening and upgrading of the existing quay walls is the next option. [3] suggested a system consisting of soldier piles and sheet pile panels to allow berth deepening in front of the berth structure. Deblauwe et al., 2013 [5] reported that in order to deepen and renovate the existing container Zeebrugge quay wall, a new front combi-wall consisting of a concrete relieving floor on driven concrete piles and a steel sheet pile retaining wall was erected. De Gijt and Broeken, 2013 [4] introduced a number of upgrade, repair, or deepening of quay walls examples all over the world. Douairi, 2013 [6] studied many options for creating extra depths in front of quay walls of which not all have been used in practice. Oung and Brassinga, 2015 [14] discussed widely the risks of upgrading existing quay walls such as deepening in front of quay walls and increasing the loads on the quay surface. Among the various concepts evaluated to upgrade the existing X-Ray wharf located on the southeastern corner of inner Apra Harbor located in U.S. Naval Base Guam, Varatharaj et al., 2016 [22] proposed that an effective constructing a new wharf in front of the existing wharf was found to be the most effective solution to meet the current seismic standards and deepening operation. A new sheet pile bulkhead wall approximately 10.7 m away from the existing sheet pile bulkhead will be constructed and the space between the new and old sheet pile bulkheads will be filled with improved granular backfill.
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The main purpose of this work is to evaluate numerically the possibility of deepening and upgrading the existing open-piled quay wall structure of the container terminal of Port Said West Port and to provide recommended rehabilitation techniques for resisting impacts resulted from deepening effect plus the increase of crane loads.
EXISTING BERTHING STRUCTURE

Structural Elements
The case study quay wall structure is located in PortSaid West Port, Egypt. Port Said has a strategic location at the crossroads of the northern entrance to the Suez Canal and the Mediterranean Sea as shown in Figure 1 . The existing quay wall, as designed, is capable of accommodating a third-generation container ship with drafts up to 12 m. To satisfy the berthing facility of the vessel, the ground level was dredged up to an elevation of -14.0 m. The quay wall structure has a length of 350 m and width of 33.5 m. The structure consists of a horizontal deck supported on 7 rows of steel pipes of 7-mm thickness and 700-mm diameter filled with concrete, while underneath the deck with a slope (1: 2.8) revetment is lying in order to withstand the wave attack and the currents caused by the propellers and the bow thrusters of the ships. The piles are terminated at a depth of -45.0 m level. The quay wall structure resists the lateral loads by connecting the deck to an existed rear sheet pile wall. There are two anchored sheet piles at levels -20.00 m and -6.00 m with spacing 50.0 m. Tie rods with 2.70 m spacing attached to the system to provide the lateral stability of the structure. Figure 2 shows the geometry of the case study quay wall structure.
Geotechnical Data and Existing loads
The geotechnical investigation carried out at several locations in the site which reveals that there are considerable variations in the soil profile. The geotechnical data used in the analysis are shown in the typical borehole as in Figure 3 . At the stage of the first design of the study case quay wall, many types of loads had been taken into consideration. In addition to the structure self-load, there are two types of loads, modeled in static analysis, could be applied in this study, i.e. distributed loads and point loads as shown in Table 1 .
DESCRIPTION OF APPROACH
The general approach of this research study was to evaluate numerically, using the numerical model PLAXIS 2D, the possibility to upgrade the open-piled quay wall structure of the container terminal of Port Said West Port. The evaluation has be carried out through the review of the original design and subsequent improvement analyses under the development two cases/scenarios. The first case/scenario was representing here the existed quay wall before development (Pre-upgrading Case) as a baseline in which the dredged level in front of the quay wall is -14.0 m. While, the other case was representing the quay wall renovation raised due to deepening to the level -16.0 m plus the increase of the crane loads (Postupgrading Case).
Therefore, the two cases were modeled and in each case the following results are checked; displacements, deflections, and straining actions (normal forces, and bending moments) for structure elements. In addition, the overall stability for the quay wall in both cases are checked. Furthermore, after conducting this evaluation, the improvement recommendations have been carried out. Table 2 shows the dredged levels and crane loads used to analyze the berthing structure performance under both cases. In order to resist the additional straining actions resulted from deepening and crane loads, represented by the Post-upgrading case, a system inserted in front of the existing quay wall structure keeping the old contact surface between the wall and the ships with no change.
The selected rehabilitation technique consisting of new fender piles driven to a depth of -40.0 m and new box sheet pile panels in between driven to a depth of -20.0 m. The new fender piles keep the contact surface between the ship and the existing wall structure at the same level. These piles carry a new fender system in between the old fenders. The new fenders are highenergy absorbent "unit" type fenders. The units are typically spaced along the quay wall with the assumption that each could handle the entire increasing in the berthing energy. So that, the design philosophy adopted at this stage was that the structure after upgrading would be returned to its current stability levels. Figure 4 shows a layout of the modified quay wall after upgrading. 
NUMERICAL MODELING
PLAXIS 2D software, a 2D finite-element soilstructure-interaction program, have wide applications in solving numerical geotechnical problems, especially in the field of marine structures. Generally, PLAXIS was used to model the various berths and loading conditions to allow analysis of complex soil stratigraphy and berth construction under static and seismic loading conditions. In this study, PLAXIS 2D Version 8.2 has been used for static condition only (Brinkqreve et al., 2004 [2] ). In this study, the same dimensions of the field berthing structure are adopted. The boundary of stratigraphy of the model is taken as two times greater than the structural area, so that no effect of the boundaries. PLAXIS 2D has been used to model the existing berthing structure using the concept of plain strain condition, with the piles represented as equivalent sheetpile wall. The equivalent sheet-pile walls are modeled with beam-column elements connected to the finite element mesh, and the soil strata are represented by 15 nodded triangular elements of elastic-plastic MohrCoulomb model. Soil-structure interaction is modeled by means of a bilinear Mohr-Coulomb model.
The pile in the 2D model must be converted to an equivalent sheet-pile wall where the piles are replaced by an equivalent sheet-pile wall with flexibility equal to the average of the piles and soil. Randolph, 1981[19] showed the equivalent sheet pile wall representation of piles for plane strain 2D finite element analysis. For example, the data entry for the walls "plates", the 2D model requires the axial stiffness EA, flexural rigidity EI and Poisson's ratio. Therefore, from the ratio EI/EA, an equivalent thickness for an equivalent plate Deq is automatically calculated as Deq = (12*EI/EA) 1/2 . The difference between 2D and 3D for representing piles has been studied by Galal et al., 2016 [10] .
RESULTS AND DISCUSSION
In this section, the 2D analysis of the quay wall is carried out under the total combination case of static loads which include the dead load, surcharge load, vertical and horizontal crane loads, and mooring loads. The results of the 2D model of the quay wall were analyzed for the previous two cases that mentioned in Table 2 . The resulting displacements and straining actions are used for checking the structural elements, the structure serviceability, and the overall stability of the quay wall. The results obtained are represented in the form of stresses, bending moment, shear, displacements, etc. for each element of the quay wall structure. In this section, the results will be classified according to the behavior of each case with respect to the structure and the soil domains. Figure 5 (a) shows the typical 2D deformed finite element mesh of the quay wall structure and soil domain for the Pre-upgrading case. The displacements shown in the figures are scaled up to 100 times. Minor vertical displacements along the deck show that it will tilt towards the sea, but will not cause instability to the quay wall. Small horizontal displacements are also observed; however, piles are sufficiently flexible to accommodate it and are considered to be acceptable. Also, from the deformed shape of the mesh, it can be observed that the failure zone such as the critical slip circle may pass through the top layers. While, Figure 5 (b) shows the displacement vectors for the same case. It is clear that the displacement mechanism of the structure is a rotational mode. The figure also shows that the soil behind the quay wall moves downward, the soil below the quay wall moves horizontally and the soil in front of the quay moves upward. These results are repeated for the other case, post-upgrading case, with the same trend but with a higher values due to deepening effect plus the increase of the crane loads. post-upgrading show some unremarkable increase than of the case of pre-upgrading close to the quay wall due to the removal of soil by deepening. For determining the factor of safety for the soil, the shear strength reduction method was used. The shear strength reduction method is better than the other methods investigating slopes stability (Farshidfar, and Nayeri, 2015 [9] ). One of the advantages of this method is that there is no need to the primary guess at determination of critical failure surface. Recently, this method is used increasingly than before due to the highspeed computer systems. Generally, the soil shear strength is gradually decreased by PLAXIS software as long as the first indications of failure appear. Safety factor is defined here as the ratio of real shear strength of soil to the reduced shear strength. Figure 7 shows the factor of safety for the pre-and post-upgrading cases. It is obvious that the factor of safety of the soil decreased due to deepening plus the increase of crane loads by about 4%.
Soil Domain
At the end of this section, the pervious results indicated that, in spite of the deepening effect and the increase of the crane loads, the structure after upgrading was able to keep the stability of the soil to its previous levels before upgrading.
Structure Domain
In this section, the results of straining actions and the deformations of structural elements such as piles, sheet piles, and deck beams for the two cases will be discussed.
Piles
As mentioned before, the present studied quay wall consists of 7 rows of piles; 1 st pile, and 5 th pile were selected to present its results due to its importance as they are supporting the crane beams. Figure 8 and Figure  9 show the comparison between the pre-and postupgrading cases for the resulted variations of horizontal displacement, normal force, and bending moment for 1st pile and 5th pile, respectively.
With respect to the variations of the resulted displacements values shown in Figure 8 (a) and Figure 9 (a), the results show that, in spite of using the suggested system, there is an average increase in horizontal displacement with about 7%. Furthermore, with respect to variation of the bending moment values, the results show that there an average increase in bending moment with about 22% as shown in Figure 8 (b) and Figure 9 (b). Finally, due to increase in the crane loads, the results of normal force variations show that there is also an average increase by about 25% as shown in Figure 8 (c) and Figure 9 (c). In the following section, the pile sections will be checked and compared to the pile's design criteria for both strength and serviceability in order to satisfy the requirements of (ACI 318-95, 1995 [1] ). The interaction diagrams were made to check if the cross section of existing piles could able to resist the additional straining actions. For this purpose, a two design points had been selected for each pile in each case. The first point has coordinates of maximum bending moment and its corresponding normal force. While the other design point has coordinates of maximum normal force and its corresponding bending moment. Figure 10 (a, and b) shows the interaction diagrams for the 1 st pile and 5 th pile. The results show that all the design points are lying inside the chart which means that the section is safe for all design cases.
Regardless the capability of the structural elements to resist the additional straining action induced by the deepening and the crane loads, other important factors must be taken into consideration. The tilting angle of the piles due to deflection is considered one of these important factors. Even though the computed results of horizontal deflection of the piles may considered acceptable, the tilting of all piles has been checked and compared with the allowable values. Table 3 shows the results of the tilting angles for each pile in both cases. Therefore, it is clear that all the piles didn't exceed the allowable values.
Sheet Piles
For the studied quay wall structure, the lateral loads are resisted by connecting the deck to a rear sheet pile wall which anchored by tie rod to the back sheet pile as shown in Figure 2 . So, it is important to check the effect of the deepening and the increase in crane loads. Figure 11 and Figure 12 show the comparison between the pre-and post-upgrading cases for the resulted variations of horizontal displacement, normal force, and bending moment for rear and back sheet piles, respectively. By observing the horizontal displacement shown in Figure 11 (a) and Figure 12 (a) , the results show that there a small remarkable increase by about 5%. While, the results of bending moment show that the increasing ratio is about 8% as shown in Figure 11 (b) and Figure 12 (b) . Finally, the results of normal force show that there is no change occurred as shown in Figure  11 (c) and Figure 12 (c). Therefore, at the end of this section, the existing sheet piling system able to resist the extra straining actions resulted due to the deepening effect plus the increase in crane loads.
Deck
One of the main advantages of 3D modeling, which is absent in 2D modeling, is its ability to calculate the internal forces for the deck slab and beams. Therefore, the differential settlement between sea-side and land-side crane beams for the two cases has been calculated as shown in Table 4 . The differential settlement between beams is important factor to determine whether the quay Therefore, with respect to the structure domain, it could be concluded that the selected rehabilitation technique could help the existing quay wall structure elements to resist the additional straining actions resulted from the deepening effect plus the increase in crane loads. 
CONCLUSIONS
The present study was carried out to evaluate numerically, using the numerical model PLAXIS 2D, the possibility to upgrade the existing open-piled quay wall structure of the container terminal of Port Said West port. The upgrading made to accommodate the berth deepening and the heavier new container crane loads. The selected rehabilitation technique consisting of new fender piles and new box sheet pile panels to resist deepening to the level -16.0 m plus the increase of the crane loads from 250 KN/m to 300 KN/m. The evaluation had been carried out through the review of the original design and subsequent improvement analyses under the development two cases defined as Pre-and Post-upgrading cases. The computation had been carried out with respect to the behavior of each model for the soil and the structure domains. The analyzed results of the study including deformations, capacities of structural elements, settlements, soil stresses values and overall stability limitations obtained for both cases had been presented. It could be concluded that the structure after upgrading was able to keep the stability of the soil to its previous levels before upgrading. Furthermore, the selected rehabilitation technique could help the existing quay wall structure elements to resist the additional straining actions resulted from the deepening effect plus the increase in crane loads.
At the end, the author recommended to extend this research study with 3D numerical computation including the effect of dynamic loads. 
